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(54) Integrally woven airbag 

(57) An integrally woven airbag includes a hollow 
portion with two opposing sides formed in a first weave 
pattern and a single-cloth portion where the two oppos- 
ing sides are woven together as a single cloth. The sin- 



gle-cloth portion is formed by a 3/n basket weave, where 
n is one in the boundary portion and is an integer greater 
than one in a portion of the single-cloth portion excluding 
the boundary portion. A cover factor of the single-cloth 
portion is at least 41 00. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to an airbag. 

2. Description of the Related Art 

[0002] A airbags are lately put to various uses. Exam- 
ples of the uses are lifesaving jackets, life boats, mats, 
home elevators that utilize the expansion and shrinkage 
of airbags as a lift function, etc-. In particular, airbags 
have been considered suitable for and have been used 
as airbags for protecting heads and chests of occupants 
in a vehicle by deploying at the time of a crash of the 
vehicle. 

[0003] A airbags need to instantly inflate by taking air 
into a hollow portion. Particularly, where a airbag is used 
as a vehicular airbag, it is desirable to deploy the airbag 
rapidly at the time of a vehicle accident, for example, an 
accident in which the vehicle receives a side impact, or 
in which the vehicle rolls over. In particular, as head- 
protecting airbags, airbags for protecting side portions 
of occupants' bodies from pillars or seat side portions of 
a vehicle are lately installed in an increasing number of 
vehicles. Japanese Laid-Open Patent Application No. 
5-1 93430 discloses an art in which an airbag mounted 
in a portion above a side window of a motor vehicle is 
deployed downward to protect a side portion of an oc- 
cupant's head. 

[0004] Many of these airbags employ integrally woven 
airbags, i.e., airbags that are woven together as one 
piece and thus do not require sewing or another joining 
method at an edge position where sides of the airbag 
meet. A very significant issue of integrally woven air- 
bags is to secure a certain duration during which the air- 
bag remains deployed. More specifically, there is a dan- 
ger of insufficient strength of or air leakage from a 
boundary portion between a hollow portion and a single- 
cloth portion due to the opening of integrally woven 
caused by air pressure occurring in the air bag during 
the bag deployment. It is important to reduce this unde- 
sired phenomenon. In orderto reduce air leakage during 
the deployment of an integrally woven airbag, there is a 
related art, for example, in which the aforementioned 
boundary portion is coated with a silicone resin or the 
like. 

[0005] If the aforementioned boundary portion of an 
integrally woven airbag is provided with a firm texture, 
that is, a dense texture, yams are naturally concentrated 
in the boundary portion , so that the boundary portion be- 
comes protruded in comparison with other portions of 
the fabric, resulting in a projected-and-depressed or ir- 
regular surface. The presence of projections and de- 
pressions in a fabric may cause uneven coating partic- 
ularly in the boundary portion during the resin coating of 



the fabric surface, thus causing undesired effects. Fur- 
thermore, a dense boun dary portion degrades the fabric 
flexibility of the boundary portion, thereby resulting in 
deterioration infoldability. Foldability deterioration is un- 
5 desirable because it is preferable that the installation 
space for an airbag be as small as possible. 

SUMMARY OF THE INVENTION 

10 [0006] Accordingly, it is an object of the invention to 
secure a low air permeability in an integrally woven air- 
bag while flattening a boundary portion without forming 
a projected-and-depressed surface. 
[0007] One mode of the invention is an integrally wo- 
15 ven airbag characterized in that a texture of a hollow 
portion corresponds to 1 to 12 and A to K in each one 
of FIG. 1 and FIG. 2 illustrating a minimum component 
unit of a weave texture, and that a texture of a single- 
cloth portion corresponds to 1 to 12 and L, a and b in 
20 each one of FIG. 1 and FIG. 2, where a and b represent 
equal numbers of warp yarns, and assume an integer 
greater than one, and that a texture of a boundary por- 
tion is formed by 1 to 12 and L of the texture of the single- 
cloth portion indicated in each one of FIG. 1 and FIG. 2, 
25 and that a cover factor of the texture of the single-cloth 
portion is at least 4100. 

[0008] In both FIG. 1 and FIG. 2, columns A to K form 
the hollow portion (a minimum repetition unit illustrated), 
and column L shows the texture of the boundary portion 
30 (a minimum repetition unit), and columns L, a and b 
show the texture of the single-cloth portion (a minimum 
repetition unit). Both a and b represent equal numbers 
of warp yams, and assume an integer greater than one. 
In both FIG. 1 and FIG. 2, weft yarns are indicated by 
35 shading, and warp yarns are indicated by blanks. It 
should be appreciated that "warp" and "weft" are inter- 
changeable; e.g., if Figs. 1 and 2 are rotated 90°, then 
the columns currently considered as warp yarns may be 
considered as weft yams and vice versa. 
40 [0009] In an integrally woven airbag in accordance 
with a first mode of the invention, the hollow portion may 
be woven in a hollow-weave. Thus, the weave texture 
has a specific pattern. The texture, or pattern, of the sin- 
gle-cloth portion has, for example, or pattern, that is gen - 
45 erally termed 3/2 basket weave texture, 3/3 basket 
weave texture, or 3/4 basket weave texture. With regard 
to the retention of internal pressure of the airbag, a warp 
stitch length in the single-cloth portion texture that is 
greater than 3 weft yams is expected to increase the 
50 opening of stitches caused by the internal pressure of 
the airbag. If the warp stitch length is shorter than 3 weft 
yams, the production of the hollow-weave airbag be- 
comes rather difficult. The number of warp yams corre- 
sponding to the weft stitch length in the texture of the 
55 single-cloth portion can be 2 or greater, as can be un- 
derstood from the aforementioned "3/2 basket weave 
texture, 3/3 basket weave texture, or 3/4 basket weave 
texture". As for the texture of the single-cloth portion, 
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the 3/3 basket weave is most preferable in view of the 
ease of production, taking into consideration the con- 
nection to the texture of the boundary portion described 
below. Furthermore, it is preferable that in the single- 
cloth portion texture, the texture of a boundary to the 5 
texture of the hollow portion part of be the basket weave 
texture of the single-cloth portion, but include only one 
yarn running parallel to the hollow portion. The term 
"oneyarn" herein means that the number of yarns count- 
ed in a direction from the hollow portion toward the sin- 10 
gle-cloth portion is one. In addition to this condition, it is 
also preferable that the cover factor of the single-cloth 
portion is at least 4100. Correspondingly, the cover fac- 
tor of the hollow portion is about one half of 41 00. Fur- 
thermore, it has been found that the multiplier effect of *5 
the combination of the aforementioned weave struc- 
tures and the value of cover factor of the single-cloth 
portion texture prevents air leakage from the boundary 
portion of the hollow weave, and reduces formation of 
a projected-and-depressed surface of the boundary por- 20 
tion of the fabric. 

[0010] In the above-described mode, an outer surface 
of the hollow portion and an outer surface of the bound- 
ary portion may bo coated with a layer of a rubber or a 
resin. Since this rubber or resin layer is provided on a 25 
smoothed boundary portion, uneven coating on the 
boundary portion is reduced. Therefore, the air leakage 
from the boundary portion occurring at the time of infla- 
tion and deployment of the airbagcan be reduced. Fur- 
thermore, since the thus-coated airbag allows only a 30 
very small amount of air leakage, the airbag is suitable 
as a generally termed head-protecting airbag that is se- 
cured to a peripheral edge portion of a side window of 
a vehicle and that : when inflated, comes to a position 
between the window and an occupant. 35 
[001 1 ] An airbag of the invention may be subjected to 
scouring or thermosetting and, furthermore, to calend- 
ering on one or both side surfaces of a base cloth by a 
known method if necessary or desired, as long as fea- 
tures of the invention are not lost. In particular, for use 40 
as a vehicular airbag, it is preferable to reduce the air 
permeability by shrinking a base cloth by thermosetting 
or calendenng to such an extent that the base cloth does 
not harden. In order to reduce the air permeability, it'is 
particularly preferable to provide a coating layer of a rub- 45 
ber or resin, such as silicone rubber, polychloroprene 
rubber, urethane, etc. Since a calendered airbag has a 
smooth surface, the calendered airbag is particularly 
suitable for the coating of a thin-layer resin layer. 
[0012] Furthermore, in a case where a different single so 
yarn is mixed, as a rip stop, into a portion of the airbag, 
advantages of the invention can be achieved provided 
that the single yarn used substantially meets the re- 
quirements of the invention. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and further objects, features 



and advantages of the invention will become apparent 
from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein 
like numerals are used to represent like elements and 
wherein: 

FIG. 1 is a diagram illustrating a minimum compo- 
nent unit of a weave texture in accordance with an 
embodiment of an integrally woven airbag of the in- 
vention; and 

FIG. 2 is a minimum component unit of a weave tex- 
ture in accordance with another embodiment of an 
integrally woven airbag of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0014] Preferred embodiments of the invention will be 
described in detail hereinafter. 

[0015] FIG. 1 is illustrates an example of a minimum 
component unit of a weave texture of an integrally wo- 
ven airbag in accordance with an embodiment. FIG. 2 
illustrates an example of a minimum component unit of 
a weave texture of an integrally woven airbag in accord- 
ance with an embodiment that is different from the 
weave texture shown in FIG. 1. 

[001 6] Referring to Figs. 1 and 2, a hollow portion tex- 
ture corresponds to 1 to 12 and A to K, and a single- 
cloth portion texture corresponds to 1 to 12 and L, a, b, 
where a and b represent equal numbers of warp yarns, 
and assumes an integer greater than 1. In Figs. 1 and 
2, the hollow portion (represented by 1 to 12 and A to 
K) is woven in a hollow-weave pattern. In the single- 
cloth portion (represented by a to 12 and 1 , a, b), a and 
b are each shown to have three warp yams, but any in- 
teger greater than 1 is acceptable. Thus, the single-cloth 
portion has a 3/n basket weave texture, where "3" rep- 
resents the number of weft yarns, which run in a hori- 
zontal direction in the figure, and "n" represents the 
number of warp yarns, which run in a vertical direction 
in the figure. As described above, if Figs. 1 and 2 are 
rotated 90°, then the columns currently considered as 
warp yarns may be considered as weft yams and vice 
versa. 

[0017] The value of n is one in the boundary region, 
and is preferably constant throughout the single-cloth 
portion excluding the boundary portion, e.g., n is the 
same in a and b, for the following reason. If n is not con- 
stant throughout portions a and b, e.g., if the a portion 
is a 3/2 basket weave and the b portion is a 3/5 basket 
weave, then there will be projections and depressions 
on the surface of the single-cloth portion. These projec- 
tions and depressions may cause unevenness in a resin 
coating applied to the single-cloth portion, and/or may 
reduce foldability of the airbag in the single-cloth por- 
tion. 

[0018] A boundary portion texture is formed by 1 to 
12 and L of the single-cloth portion texture. The bound- 
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ary portion (represented by 1 to 12 and L) is part of the 
3/n basket weave pattern of the rest of the single-cloth 
portion, but only has a single warp yarn, represented by 
column L. Thus, it can be said that the 3/n basket weave 
pattern of the single-cloth portion is "incomplete" in the 
boundary portion, since there is only one warp yarn, 
rather than a plurality of warp yarns. In Figs. 1 and 2, 
the weft yarns are indicated by shading, and the warp 
yams are indicated by blanks. 

[001 9] The difference between Fig. 1 and Fig. 2 is that 
the single-cloth portion is shifted one thread on the ver- 
tical direction with respect to the hollow portion. Thus, 
it should be understood that the vertical position of the 
single-cloth portion with respect to the hollow portion is 
arbitrary. 

[0020] Properties of the embodiments are values 
measured as described below. 

[0021] The yam density is expressed in the unit of the 
number of yams/inch. 

[0022] A cover factor CF of a base cloth is defined by 
the following expression. 

CF=Nwx V(Dw) + Nf x V(Df) 

where Nw is warp density (number of yarns/inch); 
Dw is warp yarn fineness (denier); Nf is weft density 
(number of yams/inch); and Df is weft yam fineness (de- 
nier). 

[0023] The air permeability of a base cloth was meas- 
ured according to JiS-L-1 096 (Frazier method). That is, 
the air permeability (L/min) at 10 kPa is indicated. Air 
permeabilities below 4 (L/min) were considered good, 
and are indicated by "O". Air permeabilities of 4 to 4.5 
(Umin) were considered slightly poor, and are indicated 
by "A". Air permeabilities equal to or greater than 4.5 (L7 
min) were considered poor, and are indicated by "x". 
The "air permeability" herein is a value measured by us- 
ing a measurement concept as follows. That is, using a 
base cloth portion that is formed only by a hollow portion 
texture with no resin coating on the outer surfaces, a 
circular portion of the base cloth having a diameter of 
28 mm is prepared by clamping a peripheral portion of 
the circular portion with dies while tightly sealing the pe- 
ripheral portion. Then, an air permeability of the circular 
portion of the base cloth at 1 0 kPa is measured, thereby 
obtaining a measured value 1 . Next, another circular 
portion of 28 mm in diameter, including a spread-apart 
hollow-portion and a boundary portion, is prepared by 
clamping a peripheral portion of the circular portion with 
the dies while tightly sealing the peripheral portion in 
such a fashion that the boundary portion comes to a 
center axis of the circular portion. Air is caused to flow 
through the circular portion from a circular surface there- 
of corresponding to the inner surface of the hollow por- 
tion to the other circular surface corresponding to the 
outer surface of the hollow portion, that is, a circular sur- 
face where the boundary portion texture is protruded. In 



this manner, an air permeability of the circular base cloth 
portion at 10 kPa is measured, thereby obtaining a 
measured value 2. The value obtained by subtracting 
the measured value 2 from the measured value 1 is de- 

5 termined as an air permeability of the boundary portion. 
[0024] The irregularity feel of a boundary portion was 
evaluated as follows. That is, if the difference between 
a base cloth thickness of the boundary portion and a 
base cloth thickness of a portion of the single-cloth por- 

10 tion texture other than the boundary portion was at least 

0. 05 mm, it was considered that there was an irregularity 
feel, which case is indicated by "x". If the base cloth 
thickness difference is less than 0.05 mm, it was con- 
sidered that there was no irregularity feel, which case is 

15 considered good and is indicated by "O". 

(Examples of the Invention and Comparative Examples) 

[0025] Tables 1 and 2 show lists of evaluations of Ex- 

20 amples of the invention and Comparative Examples. 
[0026] Using the weave textures shown in Table 1 , 
non-coated base cloths for head-protecting airbags 
were formed. With regard to the base cloths, the air per- 
meability and the form of the boundary portion were 

25 evaluated. 

[0027] Furthermore, the two opposite surfaces of 
each non-coated base cloth were coated with a colored 
thermosetting silicone rubber in an amount of 1 20 g/m 2 . 
Based on color un evenness, the state of coating was 

30 evaluated. After that, each base cloth was cut, and a 
head-protecting airbag was formed therefrom. Each air- 
bag was folded in a top-and-bottom direction, and then 
was secured to a peripheral edge portion of a side win- 
dow of a vehicle extending from a front pillar to a rear- 

35 ward roof side rail. Then, each airbag was inflated and 
deployed downward in a curtain-like fashion so as to 
come to a position between the window and an occu- 
pant, by introducing gas from the inflator into the airbag. 
The internal airbag pressure occurring 3 seconds after 

40 the ignition of the inflator was measured. Results are 
shown in Table 2. 

[0028] With regard to Table 1 , the warp and weft yarns 
used were nylon 66 multifilament yams having a mate- 
rial yarn strength of at least 8.0 g/denier. The total fine- 

45 nesses of the warp yarns and the weft yarns were both 
420 deniers. In both Examples, the yam density in the 
single-cloth portion was 108 x 100 in warp x weft. 
Therefore, cover factor (CF) > 4263 is provided by a sim- 
ple calculation. However, taking it into consideration that 

so an ordinary yarn density tolerance is 4 yams both in 
warp and weft, a minimum yarn density becomes 104 
x 96 in warp x weft. Since the minimum yarn density 
provides a CF of about 4100, cover factor (CF) > 4100 
was determined to be desirable. 

55 [0029] In connection with the total evaluation in Table 

1 , the woven cloths about which good "O" was given in 
both the air permeability and the irregularity feel were 
regarded as Examples. If good "O" was not given in ei- 
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equivalent arrangements. 



Claims 

5 

1. An integrally woven airbag including a hollow por- 
tion including two opposing sides formed in a first 
weave pattern, and a single-cloth portion, continu- 
ous from the hollow portion , at which the two oppos- 

10 ing sides are woven together as a single cloth, the 
airbag characterized in 

that the single-cloth portion is formed in a sec- 
ond weave pattern and having a cover factor of 

15 at least 4100, 

that the second weave pattern is a 3/n basket 
weave pattern, where indicates a number of 
yarns running parallel to the hollow portion, and 
that the single-cloth portion includes a bound- 

20 ary portion that is adjacent to the hollow portion, 

where n is one in the boundary portion and is 
an integer greater than one in a portion of the 
single-cloth portion excluding the boundary 
portion. 

25 

2. An integrally woven airbag according to claim 1 , 
characterized in that the first weave pattern is a hol- 
low-weave pattern. 

30 3. An integrally woven airbag according to claim 1 or 
2, characterized in that an outer surface of the hol- 
low portion and an outer surface of the boundary 
portion are coated with a coating material for reduc- 
ing air leakage from the hollow portion and the 

35 boundary portion. 

4. An integrally woven airbag according to claim 3, 
characterized in that the coating material is formed 
by a layer of a rubber or a resin. 

40 

5. A vehicle including an integrally woven airbag ac- 
cording to any one of claims 1 to 4, characterized 
in that the hollow-weave airbag is secured to a pe- 
riphery of a side window of the vehicle, and comes 

45 between the side window and an occupant when 
inflated. 



ther one of the air permeability and the irregularity feel, 
poor "x" was given as a total evaluation. 
[0030] From Table 2, it can be understood that the ir- 
regularity" feel of a base cloth greatly affects the state of 
coating on the base cloth. It has also been found that 
the cover factor (CF), the air permeability and the state 
of coating greatly affect the retained internal pressure 
of the bag. 

[0031] The results shown in Table 2 verify that the 
head-protecting airbags of Examples of the invention 
had less air leakage after being inflated and deployed, 
and therefore had sufficient internal pressure retaining 
characteristics. 

[0032] Reference Example in Tables 1 and 2 should 
be noted. Reference Example did not have a boundary 
portion texture, and therefore did not have an irregular 
portion, that is, a protruded-and-depressed portion, ei- 
ther. However, Reference Example had an extremely 
poor air permeability, compared with Comparative Ex- 
amples. That is, a cloth having a boundary portion 
achieves an advantage that cannot be expected merely 
from a technical idea that a single-cloth portion texture 
is formed by a 3/3 basket weave. 

[0033] Furthermore, it is preferable that the boundary 
portion of the single-cloth portion texture adjacent to the 
hollow portion texture be part of the 3/3 basket weave 
of the single-cloth portion, but have only one warp yarn 
(the yarn in column L), as described above. This is be- 
cause if a boundary portion is formed by, for example, 
two yarns, the intermingling area having aligned warp 
and weft yarns becomes greater, and therefore air leak- 
age is naturally considered to increase. 
[0034] An airbag in accordance with the embodiments 
is able to reduce air leakage in the boundary portion, 
and is able to achieve a surface smoothness by reduc- 
ing irregularity feel. Reducing irregularity feel in the 
boundary portion of an airbag achieves great advantag- 
es. That is, if used as a vehicle airbag, the airbag can 
be easily folded in both the directions of warp and weft 
of the base cloth, which means that the airbag is flexible. 
Thus, the airbag is easily disposed in a small housing 
space. Furthermore, being flexible leads to a soft impact 
on an occupant. Compared with a technical idea of sim- 
ply increasing the density of the boundary portion, the 
invention also contributes to a weight reduction. 
[0035] The airbag of the embodiments are applicable 
to lifesaving jackets, life boats, mats, and home eleva- 
tors utilizing the expansion and shrinkage of an airbag 
as a lift function, for example. The airbag are particularly 
suitable as airbags for protecting the head or chest of 
an occupant in a vehicle or the like by deploying at the 
time of a crash of the vehicle. 

[0036] While the invention has been described with 
reference to what are presently considered to be pre- 
ferred embodiments thereof, it is to be understood that 
the invention is not limited to the disclosed embodiment, 
examples or constructions. To the contrary, the inven- 
tion is intended to cover various modifications and 



6. An integrally woven airbag according to claim 1 , 
wherein n is constant throughout the single-cloth 
50 portion excluding the boundary portion. 
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